Introduction: Internationally, teledermoscopy has been found to have clinical and economic efficacy. This study aims to identify the attributes of a mobile teledermoscopy service that consumers prefer. This preliminary study was set within a broader randomised control trial (RCT) investigating the effectiveness of direct to consumer mobile teledermoscopy. Methods: We undertook a discrete choice experiment (DCE). The DCE comprised 24 choice sets, divided into in two blocks of 12. For each choice set, respondents were asked to make discrete choices between two opt-out choices and two skin cancer screening service options described by seven attributes. A mixed logit model was used to estimate preferences for skin cancer screening services. Consumer preferences weights were used to calculate marginal willingness-to-pay (WTP) for skin cancer screening services. Results: The DCE was completed by 113 consumer respondents. Consumers' preference for dermatologist involvement in their diagnosis, increased accuracy, and reduced excisions were all statistically significant in driving choice between service models. Consumers preferred having a professional involved in their skin cancer screening, rather than performing a self-examination. Consumers were only WTP $1.18 to change from a GP visit to mobile teledermoscopy (diagnosis using a phone camera). However, they were WTP $43 to have their results reviewed by a dermatologist rather than a GP, and $117 to increase the chance of detecting a melanoma if it was present from 65-75% to 95%. Conclusion: Skin cancer screening services which are delivered by health professionals, rather than skin self-examination, are preferred by consumers. Consumers were willing to pay for their preferred skin cancer screening method, especially if a dermatologist was involved.
Introduction
Direct-to-consumer mobile teledermoscopy is a service model where consumers interact directly with a dermatologist. By sending images captured using a dermoscopic smartphone attachment and application, along with relevant clinical information, consumers can access dermatologist consultation asynchronously. Internationally, mobile teledermoscopy has been found to have clinical and economic efficacy. 1, 2 This study uses a discrete choice experiment to identify the attributes of a mobile teledermoscopy service that consumers prefer and how much they are willing to pay for them. Identification of these attributes may enable service providers to incorporate them when designing services. This study is the first time that consumers' preferences and willingness-to-pay (WTP) have been investigated for mobile teledermoscopy with a large Australian consumer sample size (questionnaire pilot results were published previously). 3 Converting preferences into tangible measures such as WTP can also assist with setting price-points for service provision. This preliminary study was set within a broader randomised controlled trial (RCT) investigating the effectiveness of direct-to-consumer mobile teledermoscopy.
Methods
We used a discrete choice experiment (DCE) to elicit consumer preferences for mobile teledermoscopy in Australia. DCEs use random utility theory to estimate value of health service provision based on individual attributes of the service. 4 They involve asking respondents to make discrete choices between mutually exclusive options containing different levels of pre-defined attributes. This choice information can be used to build a regression model which estimates marginal utility for each attribute. Using the estimated marginal utility values, measures of interest such as marginal WTP can be calculated.
Ethics approval was granted by the Queensland University of Technology QUT Human Research Ethics Committee (ID 1400000807).
Respondents
DCE respondents were voluntary participants in an RCT called the SKin INnovation (SKIN) Research Project. 5 The SKIN was a two-arm trial that compared consumers undertaking skin self-examination with or without mobile teledermoscopy for skin cancer detection. Participants performed their respective skin selfexaminations once a month for three months. At the end of the three-month period they attend a full-body in-person skin check with one of two dermatology registrars who were overseen by a single dermatologist. A total of five dermatologist registrars were involved in the skin check appointment days, while the dermatologist remained the same. Voluntary participants for the RCT were sourced via The University of Queensland update emails, Queensland University of Technology update emails, interviews on television news, media releases through the university and in the newspapers, and from previous skin cancer trials run by the group. Consumers were eligible for RCT inclusion if they owned or had access to an iPhone compatible with the dermoscopic attachments being used (iPhone 5, 6, 7 or 8). 6 They were excluded if they had been diagnosed with a melanoma within the last five years.
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Sample size
This study presents the preliminary results of the DCE completed by 113 participants, approximately 50% of the expected sample size for the RCT. This sample size was sufficient to provide meaningful data for the DCE based on the Johnson and Orme rule of thumb formula (the recommended minimum sample size is 63 for this DCE). 7 
Discrete choice experiment instrument
The DCE survey used for this research was comprised of 24 choice sets divided into two blocks of 12. Each choice set included four choices; two described by the attributes and levels of a skin cancer screening service (described in Table 1 ), and two opt-out choices ( Figure 1 shows choice set 1 from block 1 with elements titled). The opt-out choices gave the participants a way of indicating that they would prefer to do nothing than accept either of the alternatives provided. The opt-out options were; "perform a skin self-examination" and "do nothing". The skin cancer screening choices were designed from seven attributes with two to three levels for each attribute. 3 The DCE used in this research was independently developed and validated prior to inclusion. 3, 8 The design was d-efficient, assuming no prior information about magnitude or direction of preference weights. 3, 9 The attributes and levels were reviewed before adding the DCE to this research to ensure they were still applicable, using the pilot results and a recent systematic review as a guide. 10 To ensure presentation of realistic choice sets, the design included the following constraints: a) only an in-person consultation could have a less than 4-hour wait time for results, b) mobile teledermoscopy could only be reviewed by a dermatologist. Using a DCE that had previously been validated through piloting enabled it to be easily embedded in this larger study.
Data collection
The DCE was part of the online follow-up survey which was completed by participants at the end of their three months of self-checks, but before they attended their dermatologist examination. DCE choice sets were set out and formatted as shown in Figure 1 (presented to respondents without elements titled on top and bottom). In addition, participants were asked to provide sociodemographic information, such as: gender, age, and education.
Data analysis
This DCE was designed and analysed using effects coding. A mixed logit regression modelling technique was used to analyse the data. Any preference weights with less than 10% significance for its standard deviation when its distribution was randomised was specified as a fixed preference weight (i.e. to be homogenous across respondents) in the final model ( Table 1) .
As the resultant preference weights are logarithmic, the preference weights themselves are not informative. Rather, their relative size, sign and value can be informative in the context of the model. Resultant preference weights can then be used to examine preference and calculate WTP. Marginal WTP is calculated from the preference weights by examining the value for an improvement between the two attribute levels of interest and the cost attribute. 11 
Results
Participant characteristics
Participants had a mean age of 40 years (range 20-68 years). There were 84 females (74%). Within the trial, 57 were randomised to the skin self-examination arm and 56 were randomised to the mobile teledermoscopy arm.
Consumer preferences
Results showed logical signs for preference weights: cost was negative, as expected (lower cost preferred), and preferences indicated a desire for shorter waiting time in hours, and for increased chance of diagnosis accuracy (Table 1 and Figure 2 ). Results showed that skin self-examination was less desirable than the healthcare service choices presented (see A and B in Figure 1 for an example), demonstrating that respondent prefer professional involvement in skin cancer screening. Additionally, respondents preferred diagnosis via mobile teledermoscopy by a dermatologist instead of diagnosis either by a standard general practitioner (GP) or a dermatology-specialised GP (Table 1, Table 2 , Figure 2 ). Preference weights represented respondents' marginal preference for improvements in attribute levels relative to the other options (Table 1) .
Preference weights for attributes such as time away from regular activities to have a skin check, who performed the diagnosis, and cost attribute were highly significant (p ¼ 0.001), demonstrating that they were statistically different from zero at a level of 99.9%. This indicates that there is a 99.9% confidence that these results were not the result of random chance, and conclusions can be drawn from them regarding consumer preference. 
Willingness-to-pay
Marginal WTP for moving from one attribute level to another was calculated from the preference weights (Table 2 ). This value represents the amount that respondents are willing to pay to move from one level of an attribute to another based on the marginal difference in utility. Consumers were only willing to pay AUD$1.18 to change from a GP visit to mobile teledermoscopy (diagnosis using a phone camera). Whereas, when selecting a mobile teledermoscopy screening service, consumers were willing to pay an extra AUD$43 to have the images reviewed by a dermatologist instead of a GP. They were willing to pay an additional AUD$117 to increase the chance of detecting a melanoma if it was present from 65-75% to 95%.
Discussion
This research provides important insight into the attributes of a mobile teledermoscopy that are valued by consumers, and what their preferences translate to in terms of tangible economic value. In this study consumers preferred mobile teledermoscopy over visiting a GP, which may have been due to the dermatologist involvement in diagnosis with the mobile teledermoscopy option.
Designing and implementing a new service, whether from a government health provider or commercial perspective, requires insight into consumer preferences to ensure that the service is utilised. The responses and estimates from this DCE model provide a rich source of preference information, from an Australian viewpoint. Two existing studies have investigated consumer preference for mobile teledermoscopy and WTP. 3, 12 Concordant with our findings, both studies showed that consumers valued some of the aspects of care that could be provided by mobile teledermoscopy.
Similarly, Wu et al. examined the feasibility of consumer driven mobile teledermoscopy and found that consumers were receptive to using mobile teledermoscopy for monitoring. 13 An economic model by Snoswell et. al. found that teledermoscopy for suspected skin cancer would cost the Medicare Benefits Scheme an extra AUD$2.10 per day saved to clinical resolution (diagnosis by a dermatologist or excision).
14 DCE results demonstrated that consumers had a marginal WTP of AUD$6.57 to reduce their wait time for diagnosis from three days to four hours (Table 2 ). This equates to AUD $2.19 per day of wait time, assuming that the final four hours of wait time do not represent a meaningful period of time to consumers (i.e. their WTP would be the same to reduce from three days to two hours rather than four hours).
Stated preference methods such as DCEs provide good insight for hypothetical services. However, they are limited by the fact that consumer stated preferences do not always align with their actual market behaviour. Rather, the preference weights indicate that if there was a service within the market that offered: specialist involvement, increased accuracy with diagnosis, increased convenience in access (such as a mobile phone application) and required less lesions to be excised to identify a cancer, than consumers would be interested in using this service.
DCE attributes did not include any options for consulting a dermatologist via any means other than mobile teledermoscopy. Given that participants preferred mobile teledermoscopy (with dermatologist diagnosis), increased accuracy and fewer excisions, it is likely that consumers would prefer an option which included a dermatologist. Future research could include an option for an in-person dermatologist appointment. This study presents preliminary mid-trial results, preference weights for some attributes and levels (e.g. mobile teledermoscopy method of screening, skin cancer visit method of screening and five rather than ten non-cancerous moles removed to find one melanoma) were not statistically significant. Once the RCT is complete and the sample size is doubled, the power to detect the significance of preference weights will be higher.
Given that respondents volunteered to participate by responding to media advertisements, it is likely that the study attracted a proactive population who had an interest in their own skin cancer risk. This may mean that the proportion of individuals who would prefer not to act or to complete a skin selfexamination may have been underestimated in these preliminary results relative to the general population. Other studies have sought to combat this volunteer bias by inviting individuals to participate by randomly sampling from population-based sources, which may be a recruitment option for future research.
While mobile teledermoscopy is practised in Australia it is done so in an informal manner. 15 This study has the potential to assist with the translation of mobile teledermoscopy services from the current informal provision into a formal service for which policy can be created.
The results of this research offer preliminary insight into consumer preferences and WTP for mobile teledermoscopy in Australia. Skin cancer screening services which are delivered by health professionals (rather than skin self-examination), especially dermatologists, are preferred by consumers. Consumers were willing to pay out of pocket for their preferred skin cancer screening method, especially if a dermatologist was involved.
